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Influence of environmental conditions
Salinity stress

Although Zostera sp. can tolerate a wide range of
salinities, photosynthesis and respiration are inhibited
in waters where salinities are either hypo- or hyper-
tonic (Ogata & Malsui 1965, Bieble & McRoy 1971, Kerr
& Strother 1985). Although all sites used in this study
had historically supported Zostera marina beds prior to
die back in the 1970s, salinities do decrease with dis-
latice uptivel, suyyesling d pussible effect contributing
to the decreased growth and survival observed here
Evidence suggests, however, that the salinity effect was
minor. Salinity decreased on average approximately
4 to 5% between Y11 and Y26. Using a linear relation-
ship between shoot production and salinity determined
by Pinnerup (1980) for Z. marina transplants in Danish
waters during the summer, we estimate an approximate
10 % decrease in shoot production due to lower salini-
ties between sites Y11 and Y26. This compares to the
approximately 85% difference in shoot production
measured between Y11 and Y26 during May and June
in Lhe growth experiments,

Disease

Evidence has led investigators to suggest that envi-
ronmental stress may result in a weakened eelgrass
host that would allow a pathogen such as the marine
slime mold Labyrinthula sp, to decimate the popula-
tions (Rasmussen 1977, Short el al. 1988, Burdick et
al. 1993) Although this is a possible explanation for
results documented in this study, there was no evi-
dence ol widespread disease symptoms in the irans-
plants here. The pattern of die-off in this study also
suggests an alternative explanation. Die-off here oc-
curred in the upriver stations where salinities were
generally below 22% (Fig. 4B). In general, Laby-
rinthula sp. tends to be most infective at salinities
higher than these (Burdick et al. 1993)

Water column light attenuation

The precipitous drop in shoot growth in April at Y26
when plant growth rates were at their annual maxima
(Fig. 2A) coincided with a period of high suspended
load and reduced light (Fig 3C, D). During May to
June at sites YO and Y11 PAR at transplant depth was
approximately 25 to 50 7. of sub-surface irradiance ()
as determined from K4 measured during that period
However for the May to June period at Y26, PAR
at transplant depth was only 12" of ;. This would
only be marginally sufficient for growth (Duarte 1991,

Dennison et al. 1993) even given no other stressors
such as epiphytes. Thus, low light availability was
probably a dominant factor causing the low growth
and ultimate mortality of plants at Y26. Similar rela-
tions have been observed previously, where reductions
in total daily light availability in June resulted in com-
plete loss of Zostera marina plants by the end of sum-
mer (Dennison & Alberte 1985). Zimmerman et al.
(1991} have suggested that extended periods of high
turbidity in spring may be responsible for the limited
depth distribution of Z. marina in San Francisco Bay.

Dissolved nulrient concentrations

Declines of submersed macrophytes in some systems
has been attributed in part to nutrient enrichment and
consequent increases in epiphytic accumulation that
limits light and carbon available for leal photosynthe-
sis (e.g. Phillips et al. 1978, Twilley et al. 1985, Silber-
stein et al. 1986, Hough et al. 1989). During fall periods
when elevated nutrient concentrations were measured
in the formerly vegetated, upriver sections of the York
River, however, concomitantly higher epiphytic bio-
mass was not observed. Thus, in this study factors
other than nutrient supply, such as invertebrate graz-
ing activity (Howard 1982. van Montfrans et al. 1982,
Cattaneo 1983, Borum 1987, Neckles et al. 1993) or
temperature (Penhale 1977, Borum & Wium-Andersen
1980, Libes 1986), limited epiphyte growth during the
fall. Periodically higher epiphyte loads at downriver
stations (YO and Y11) than upriver (Y26) during the fall
and winter (Table 5) did not appear to affect lransplant
survival. Since light at the macrophyte leaf surface is a
function of both water column and epiphytic attenua-
tion, lower water column turbidities (Fig. 3) at these
downriver stations during this period may have miti-
gated the effects of higher epiphyte loads

In the late spring (May to June) epiphylic biomass
was significantly higher at Y26 than at other sites; this
was immediately before the lransplants disappeared.
Atomic ratios of dissolved inorganic N:P (<10:1) indi-
cated that algal growth was likely limited by nitrogen
rather than phosphorus at this time, March lo April
concentrations of DIN were similar among sites upriver
of YO (Fig. 4A), although DIN concentrations were ob-
served to be significantly higher at Y26 than downriver
sites in May. DIP concentrations remained consistenlly
higher at Y26 than downriver sites throughout the year
(Fig 4B). Although epiphytic growth may have been
dependent upon rapid recycling of N rather than
absolute concentrations, other factors may have also
contributed lo increased epiphytic densities upriver at
Y26 in late spring. In turbid estuaries, considerable
amounts of inorganic and organic debris may be en-
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trapped by the epiphyte matrix (Kemp el al 1983).
Higher concentrations of this fouling malerial at Y26
may thus reflect high springtime concentrations of sus-
pended particles al that site. In addition, Murray (1983)
found the relative photosynthetic efficiencies of epi-
phylic algae and Zostera marnna to result in increasing
epiphyte:macrophyte ratios with decreasing light in-
lensily. Differences in the mass of Lhis epiphytic mate-
rial along the York River axis in the spring may thus
rellect responses to light availability. Small increases
in accumulation of this material may limit macrophyte
survival at high levels of K, (Wetzel & Neckles 1986),
and Z. marina appears most sensitive to epiphyte light
hmitation at high water temperatures (Neckles et
al. 1993). Therelore, epiphyte biomass may have con-
tributed to reduced macrophyte growth upriver during
the spring lurbidity peak

Chronic waler column nitrate enrichment has been re-
lated to eelgrass declines in some mesocosm enrichment
experimenls (Burkholder et al. 1992, 1994). Although the
mechanism is not understood, it is hypothesized that
chronic water column nitrate enrichment may promote
internal nutrient imbalances that lead to plant death. In
our study, dilferences in nitrate concentrations between
Y0 and Y26 were generally less than 1 pM, especially
during the spring and summer, This level of enrichmenl
suggests that nitrate toxicity was not a significant con-
iributor to eelgrass declines in the York River

Conclusions

The lack of regrowth of Zostera marina into formerly
vegetated sites in a lower Chesapeake Bay {ributary is
not simply due to lack of propagules but can be related
lo environmental conditions, especially high levels of
turbidity during spring periods of potentially maximum
growth and carbohydrate storage. Prolonged periods
of nitrogen enrichment during the fall and winter
had no observable effect on epiphytic accumulations
or macrophyle growth, presumably because of over-
riding control by other factors. However, the accumu-
lation of an epiphytic matrix on the Jeaves during the
spring may contribute to an iniliation of the seagrass
decline. Symptoms of Labyrinthula infection were not
observed. We suggest that insufficienl growth during
the spring limits Z. marina survival through the sum-
mer. Although summertime conditions may stress eel-
grass populations in this region, they do not alone limit
long-term survival. Relatively short-term stresses dur-
Ing certain critical periods can therefore have lasting
eflects on seagrass populations, Water quality condi-
tions enhancing adequate seagrass growlh during the
spring may be key to long-term Z. marina survival and
successlul recolonization in this region,
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